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STUDY OF HEAT TRANSFER FROM HEAT DEPENDENT SEMICONDUCTOR

ELEMENTS N RAREFIED GASES FOR CONTROLLING LOW PRESSURES
A.V,Bulyga, Heat and Mass Trensfer Institute,
Acalemy of Sciences of the B.S.S.R,llinsk,U;S;S;R

Abstract - The study is carried out to reveal the regulari-
ties of heat transfer inside heat~dependent semiconductor
elements ( thermistors ) and on their interface with the
surrounding rarefied gas. Peculiarities of th'emodynanics'
of thermistor operation in superrai'efaction are discussed.

Being the basits for the design of thermoelectrical va-

© cuum gauges, the results obtained are used for the analysis

of the sensitivity of the sensing element over a wilde pres-—
sure range - from the values corresponding to a free mole-
cular flow to the atmospheric pressure which is peculier
of a viscous gas flow.

"Nomenclature
heat-transfer coefficient;
mean volu_me";sic and surface temperatures of thermistor,res-
pectivély; | |
vemperature of the surroundings; 17=Tg' 6=T-6;

constants of the material of thermistorj

current of thermistor,the surface area of which is S and
dlameter d; |
Russelt,Grasho?f ,Préndti ,Knudsen numbers,respectively;
dieameter of envelope around the heat transfer cylind;':lcal :
element or the enternmal diameter of a boundary layer; |

heat condu~tivity of gas at reference temperature T, =(T *9)/25

gas constant in p-fPT,whem P is densityy

¢,,C,- specific heat of gas at constant pressure and constant volu-
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me ,respectvively; l | T

} - gravity acceleration;

i - momentunm traunsfer coefficient.,

The high temperature resistance coefficient of ther-
mistors B8,1is the main precondition of their use as gauges
/

vaich are sensitive to the change of the heat transfer condi- ‘
t;ons{},é,l}} .

The latter follows from the consideration of sensitivi-
ty of the‘gauge Sj, which is determined as a ratio of fhe
change of sone uutput value J to the change of the 1HPUo
vaiue x, i.e. S =d3/dX

~Thermiétor, as a primary transformer of a nonelectrical
quantity into electrical oné, may be represented as a sefies
of links each of which represents transformatlon of ore non-
electrical qnantlty into another one. If thermistor is used
as a pressure transmitter of ‘vacuum gauge, its resistance E’

"!s connected with a pressure p ( input value of the trans-

fo:mer) by a series of relations:

R, =f(T) = T=¢(a) = x=¢(p), (1)
and the sensitivity of this transformer may be determined
by the expression [IZ] |

* R dP,_aoc 3T ok,

Df' op da OT' 2)

S =8 87 87,
where in accordance with the data of [6 131 the sensitivi-
ty of the third link will be

S =gR . | (3)

The inflnence of the heat transfer conditions of ther-

or

mistors .n their electrical parameters is expressed by

the coefficient of the dissipated power k .
# Declassified in Part - Sanitized Copy Approved for Release 2014/04/24 : CIA-RDP80-00247A004300220001-8 N
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Comparing the Rewton formula [6, 13]

% P=a57, (4)
which expresses the regularities of heat trensfer end the for-
| mula '

k= P/,

(5)

; which determines this parameter, gives

: :

It is supposed that the mean-volume temperature T And the
surface temperature of the thermistor T, are equal.

To select gauge and regime of its operation it is necessary .ﬂ
to reveal the physical significance of the parameter k. Having
the grounded analytical expression for this parameter,an invisti- .
gator‘may save tedious experiments and thier treatment at nmumeri-
cal determination of K and also it will permit to control its |
value in certain ranges,

The physical significance.of.the parameter K is qualitative-
ly clear from the definition. However for the determination of
the quantitative relations,it is necessary to consider the compo-
nents of the dissipated power P .

The power P which is supplied to the thermistor in sta-
tionary conditions dissipates by convection and heat conduction
P through a gas layer and by radistion P,, and also by heat
conductivity along the supply wires E,,i.e; P=€+P,. "‘p,; .

E x pressing this relation through the heat transfer coeffi-

cients yields
| a=d,+d, + %,

The component of the heat tranafer coefficiemnt of.can be
determined according to the well-imown Btefsn-Boltzsmsn formula

 [al . Bomewsr tha anlntion af this nroblem is often difficult as
Declassified in Part - Sanitized Copy Approved for Release 2014/04/24 : CIA-RDP80-00247A004300220001-8
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the trustworthy date on the thermistor emissivity £, are absent;
The avallable data on this problem in the special literature
maiuly reffer to metals and some non-conducting naterials;Thé da~
ta for the semiconductors are almost absent.It is difficult to
determine the thermistor emissivity by usual methods which are
based on comparison of measurements with the data for the refe-

ence standards because of their small sizes,

The above reasons caused the necessity to determine the
thermistor emissivity £,at such e x perimental conditions when |
‘convection is completely absent and heat losses by heat-conduc- |
tion are more than two order lower than the losses by radiation;

Such conditions ,allowing us o consider the relative error of

determination of £, to be not higher than I%,set in vacuum at §

. ————

the - pressure of the order I0™2 - 10™3 N.m™. In this case the. f

heat tra.nsfer coefficient 4 will be expressed as:

a) X = lo N + X,
: ) ;g -8, 3
b o= .G (TS0 YT~ =46, 0107 T}

) «,=R/S.T.-8).

(8)

The total heat losses e, through the supply wires are deter—
mined as a sum of losses by heat conduction through two semiinfi-
nite rods of an infinite length [6,8]

;’77:2/1”"2}/7) (')
9
waere l"— the heat-conduction coefficient of the wire,with a
cross-sectional area of #, ; m’=vyo'l. '/l 7% 5

<1 heat transfer coefficient betwnen the supply wire the perimeter

of which is U, and the surroundings.
After substitution of the value /) from equation (9) into (8 -c)

we shall obtain for wires of circular cross-section
- Declassified in Part - Sanitized Copy Approved for Release 2014/04/24 : CIA-RDP80-00247A004300220001 g___-
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oA, = 7;" Vo' Ay . (10)

According to the expirement conditions o= ol . Therefore,

~ the values of & are easily calculated by equaition (8-b) if £,
is substituted for & and 7, for 7, where

m=(7’ﬂ+9)/2' }

=T, = (T+8)/2

(I1)
The combined solution of equations (8a),(8-b) and(IO)with
account of cguaticn (II) with respect to &, gives:
=g (1- T gd m) (12)

where 6=4c 10 7"3 ’.2.4c°/0 “3('7”)j3

m
The remaine component of the ksat transfer coefficient o,

which is caused by a joint action of convection and heat conduc-
tion is the main,and special expirements are carried out for its

determination. For carrying out a test,the unit is constructed
of which schemetic d.rawi'ng is shown in Fig.I. The main assembles

of the e X piremental unit are two shifted working chambers I and
16 ,which are placed into thermostate bath 4 ,vacuum pumps II and
I3 and a system of the operating and controlling vacuum guages.
Different sizes of working chembers, in the form of cylind-
rical glass bulbs 9 a~d 3 cm in diameter,allow simulation of heat

transfer processes of thermistors in conditions of a limited

and non-~limited space.

| The expiremental design allows us to obtain the primary
characteristics of thermistors: temperature characteristics and
current-voltage ones in the operation tenperature range and at
the pressures of working medium from atmospheric pressure to

A

1,33 10 N.n™°. These characteristics are the initial material

A rawaa)l +ra cvnmer)aed A2 o -
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2leoor and on its interface with the surrounding medium in
svavionary operating conditions.On this unit which has a loop

oscillograph, the experimental data are obtained for calculati=~
w2 2f dymamic thermistor parameters.
3defeore proceeding to the description of the experimentsal

investigation of the regularities of heat transfer ol thermis-
tors in vacuum,it is necessary to dwell on =ome pecularities of

their operation at the prgssures in subeprarefaction when the spe-
cial size of a system'becomés small in comparison with the Free ‘
prath length é; « Tae neccessity of such an enslysis is causecd

by appearing disturbances of the gas temwperature conditioﬁs in
superrarefaction that at increased sensitivity of-thefﬁiétors

to the temperature changes can essentialy influence tneir physi-
cal and electrical parameters,

In [23 the relations are obtained which vake account of -

pecul arities of the temperature regime of the superrarefied F£0S.
The méasurements of :nermiétor resistances are carrie: out for
tke expérimental verification of these relations.

The diagrams rlctted according to the experimertal and pre-
dicved dava (Fig.2,3),from which it is seen that in the pressure
rage Irom t“e atmospheric pressure to I3,3 N- m°2 the change
of pressurednesnot practically influerse, the quantity of ther-

nistor resistance i’,oa.nd the material comstant B y which ig deter— .

nined from equation [I]

R.= Aexp (B/T). _ (I
2 g 2 3)
In the pressure range from I3,3 to I,33-I07 N.m™ the valu-

es of B calculated by formula (I3) decrease with the drop in
pressure and expose their dependence on témperacure.

Nevertheless the thermistors resistance does not depend on
Declassified in Part - Sanitized Copy Approved for Release 2014/04/24 : CIA-RDP80-00247A004300220001-8
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pressure in the conditions of the equality of temperatures

of all assemblies of the vacuum system ( at the values of

{/T = 3,413 T072).With the results obtained,the change of
thermistor resistances at drop in pressure should be explained
not by the change in the parameterB but by the temperature
difference between two connecting vessels in one of which

the thermistors investigated are placed and into another one
the control vacuum guage is inserted.For confirmation of this

conclusion the construction of the experimental uuit was

changed so that the controlling vacuum gauge and the bulb
with the thermistors together with donnecting bulbs by tube
was‘placed into a thermostate bath. In such conditions the
value of B calculated by resiétances of thermistors measured :
did not change its quantity at all pressures.

The results o.tained of the experimental investigation
confirmed the truth of the amalytical relations obtained and
showed that the crLange of environment pressure does not in- "
fluence the physical parametérs of a semiconductor material
of the investigated thermistors. _ |

Besides the electronic nature of the conductivity in
thermistors of the type EMT-I and KMT-II is confifmed.

Expiremental Study of Heat Transfer of Thermistors.

Carried out is the series Qf experiments on study of heat

transfer from thermistors in dense and rarefied gas [3] to
obtain the initial data at development of the sensitive ele=-
ment of vacuum gauge on the base of the Thetmistor and deter-
mine the interfaces of applicability of criterial equations

2 ’ (18)

= 9,37 |
€"[1+(Gr°Pf‘)a'25]

Nu

_ _ : and I
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Nu = 2 , ’

s (fe)n 3

To fulfil the problem, the static current-voltage characte-

ristics of thermistors of the type KMT-I and KMT-II are expe-

:imehtally obtained at an ambient temperature of £=293,2°%K |
and different pressures. The curves for thermistors of both
tvpes (Fig.4) are obtained according to the experimental data.
The pressure range in which the current-voltage characte-
ristics are ottained, inclt_xdes viscous, molecular-viscous and
molecular regimes of free gas flow and allowes us to observe
a smooth change of heat transfer parameters in transition
from one regime to another. |
The experimental data on heat transfer in the conditi-
ons of r:s.refactibn are shown in ¥ig.5 as diagrams ol =¥¢ ('C’}? P |
and o, =¥ (l3p). |
These curves are plotted by the coordinates of current-
voltage ~haracteristics, which correspond to the same mean
volume temperature 7 of the thermistor in the whole pressu-—
:e'range; For the thermistor of the type KMT-I a value of
- - 327;6°K was taken for the temperatﬁ.re T y, that corresponds to
R.=21,I5kilohm; for the thermistor of the type KMT-II the
temperature corresponds to T=328,I%K ( R, = 442,5 kilohm).
At the apalytical calculation of &, , the tentative accomoda-
tion coefficients @ are taken. . For the surfa-

ces of the thermistors ard supply copper wires a=0,9 and

- for the nickel wires a= 0,47. Fig.5 shows that the shape

Declassified in Part - Sanitized Copy Approved for Release 2014/04/24 CIA-RDP80-00247A004300220001-8 s




Declassified in Part - Sanitized Copy Approved for Release 2014/04/24 - CIA-RDP80-00247A00430020001-8

9 -

of relations o .‘"P(e??’) and &, = ¢, (€g p) is
ap’prqxinatevlyv the same for the both thermistors. For the
qualitetive analysis of the results obtained it is conve-
nient tos divide these curves into four a.pprox.imately
linear sections.
The first section, to which the molecular regime
corresponds of the free flow‘,‘includes the 'pressure ran-
~ ge from I,33 102 to I N.m™2., There is a proporvional de-
pendence between the parameters oC and ( 69 P ).
The second section (fgp =0,0 - I,6 for the ther-
mistor type KMT-I and fgp=o.o - 2,4 for KMT-II ) corres—
ponds to the molecular - viscous regime., It is characterized
. by more strong dependence of the total heat tramsfer
coefficient o and its‘cohvec'ti.ve component &, on fg P
tha:ri the first section. The higher semsitivity of the
thermicstors to vhe drop in pressure in this range is caused
by the presence of a temperature Jjump on the surface of a
solid. |
The third section (é’g,o =I1,6 - 3,8 for the thermis-
tor of the type KMT-I and fyp =2,4 - &4 for KMT-II)
- corresponding to the viscous regime and partially to the
transient region, i.e. to slip flow which is characterized
by independence of the comvective component o, and a
slight dependerce on the tot;al heat transfer coefficient .
on the pressure; Some negligibale change o{ at the pressure '
change of in the range indicated is the result of
change of heat losses through the supply wires. In turn these

Declassified in Part - Sanitized Copy Approved for Release 2014/04/24 : CIA-RDP80-00247A004300220001-8
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losses ghange because the temperature jump on the'surfBEe

of supply wires at higher pressures than on the surface of
a tnermistor body.

| The fourth section ({p>3,8 for EMT-I and {yp> 4,4

for KMT-II) complétely corresponds to viscous regime and- |

characte:ized by'the presénce‘of'convection in the heat
transfér process; The beginning of this section ccoincides
with a value of I'.IO'3 for Grﬁ%=f“i3

The'results of the éxperimental'measurements are
treated in terms of simi}arity criteria (Fig.6) that giveé
possibility to expresé the results anaiytically and to compa-

re them with data of other authors {6, 0] .

Theory and Principles of Pressure

Gauge Construction.

The analysis of techmnical characteristics of real
constructions of heat dependeht pressure gauges[I y 749,12,
14-16] shows that the proportional increase of the gauge

sensitivity does not solve the whole problem of its impro#em
ment in all range of the controlling parameter; The.mAin
diéadvantage of these gauges is as before a pronounced non=-
linearity of their static characteristics and; as the result,

nonuniform sensitivity which approaches zero in some ranges.

The reduction of inertness is the essential prcblem of zhe

comstruction of gauges.

Declassified in Part - Sanitized Copy Approved for Release 2014/04/24 : CIA-RDP80-00247A004300220001-8
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The invpstigations carried out on heat truu:tér of
thermistors and determinatiom of their Qraszic parsmeters

_[2,3]' have shown that the above problems can be settled by
adequate choice of the shape and geometrical sizes of the

It is not difficult to see this when the static charsc-—

teristics and sensitivity of a gauge are analyred and de-
fined .

The analytical relation between the convective com—
pornent of the heat transfer ccefficiemt o/, and the tempera-—
ture T can be expressed from the Newton formula [4]:3 fol=

lows

2
g« I SPr ,
X © . (I8)
wmch is a static characteristic of the aecond link. In

accordance with the difinition of the sensitivity from for-

mula (2), differentation of relation (16) over the parsmeter

o/, upon substitution o, =P/ Slf gives

r 3 2
So( ’_ad - I‘?P y ’ (17)

The analytical relation between the input gauge
parameter p’ and the heat transfer coefficiemt O(,
Bore compliceted and can not be expressed by one

oqnation in a whole range of persmster P.

L_Declassified in Part - Sanitized Copy Approved for Release 2014/04/24 - CIA-RDP80-00247A004300220001-8
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For the case of a viscous gas flow we may use the simpliest
structure of the heat transfer equation of the type {_6]

Nu ~C(Gr~Pr’) ®” | (18)

and solve_ it with respect to the heat transfer coefficient

C : ”
= /l —_ GI“ Pl"
ey = A g (GrPr), (19)

assuming for simp]fification' "the gauge to be an infinite cylixider
for which P7=1 ., If the values of dimensionless criterion is

expressed through the physical gas parameters [6,7] we shall have:

H U™ o
d,-gn. 7:”371 /ﬂ ) (20)

Ky =

mere (1= (A7 (6,C,) (g M) = (9p-5)/4

y=CSp/Cr

Usually the value_ I/4 ~- I/8 [6] does not exceed the numerical
values of the exponent n= / ( Gn Pr ) in equation (20) which
represents the regularities of heat transfer of real constructions
and conditions of the pressure gauge operation, In connection with i-t;
1t is more convenient to consider the static characteristic in a
semilogarithm scale and thus expression (20) can be glven as:

H " 2n(€gp)
dk/ = 1-3n ﬂ.;n 10 7r .
47T (20a)

) o
Hence the sensitivity of the link 5, is given by differentation
of equation (20a) over the variable « = fg P
o ool n
P =a(€ ~ = _ Hndfo:ln Ty P . (?-I)
. 37 m
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| !n&ommw,cwwthﬁm—
viscous regime of the gas flow, the static charecteristic of the
thirdlukcanbe omummmm'm,wmm

of the h‘:t transfer coeﬁiciont from the formula (I5)

oy = |
.o [eelp (22)

where = D L a,, 2 15 2-f

Ledbds e=(g F L iral

Differenting (22) over the paremeter « =,fgp w3 have the
sensitivity ’

o o 24,€ :
0% - %z _
S5 e P (23)

At pregéures, corresponding to the nolecnhrdviacous‘ regime of
the gas flow but approaching the viscous one,i;é. when L > €/p
the formula for the sensitivity S,:. will be |

| «r 2Am€ _,

S, = P

Pz L2

(24)

The same is in the other limiting case whem [ < €/7 that corres-
‘ponds to the froo-nolecnlar regime of the gas flow, the sensitivity
of the link will be A '

x2 24

S = F- | - (@5)

The whole sennifivity of the gauge at different regimes of the gas
flow will be determined by expresaions:

Far viscous regime .
| S A =" (26)

S’ =-2Hn 1‘37!?? T.in p

‘»
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or substituting § =T /€ wo obtain
GF = oinga e L L e |
, ="Z2Hn I T P . (27)
For the molecular-viscous regime under the conditions [ > €/
S",ﬂr 2 -
S,, =-2e l,.. 72 Vp (28)

For the transient regiom of the molecular-viscous regime - [ %€/p-

ra S 2
_Sﬂ =-2€/1,,,( L+€) Iay

(29)

For the molecular regime — [ << €/p —

R o S
Sy =-2e"0, S % (30)

Formulas (26) - (30) are derived for cylindrical gauges. They
ray be alco used for the analysis:of the‘senSitivity of gauges
of different geomotry. In the latter case it is necessary to sub-
stitute the corresponding characterisﬁic dimension of the gauge into
the expression for sensitivity. Thus, in formula (26) for a vertical
plate, its height should be taken as a characteristic dimension o .

In formilas (28 - (30) instesd of [=d €n-1-7 the distance
ahould be sdhtitutod along the normal between the plate and a wall
of a shell, instead of the factor é¥-+7 number 2 respectively.

The analysis of the formulas obtained and experimental curves
(Pig.6) allowsthe following conclusions ind recommendations to
design of pressure gauge to be made.

The gauge aonqitivity of a thermoelectric vacuum meter for the
Reasurements within the range from fractionsof N-m™? to atmos-
pheric pressure can not be uniform due to considerable quamtitative
and qualitavive variationg of the heat trersfer regularities through

. gas in the above range.

Declassified in Part - Sanitized Copy Approved for Release 2014/04/24 : CIA-RDP80-00247A004300220001-8
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The most nonuniform sensitivity with its very low absolube
magnitude is in the region of pressures 5.10° - 102 N-m™® which
is typical for a transition zone from a viscous flow to the slipping
The gauge sensitivity in this.region is déternined by the relations
(27) and (28) which cause contradictory demands of its dinensions

.

oS :,~

variations to 1ncrease the sensitiv1ty.

| sensitivity
| } With a purpose of prov:ding the gaugévsimilar to the uniform one,

this construction may be settled combining two or more sensitive

elements of different sizes which may be piaced in one ballon,

To decrease the inertia of the gauge and to provide a better
thermal equilibrium in the conditions of \thra;rarefaction, it is
necessary that thé gauge should have the iargest possible surface
‘and the smaller possible thermal capacity.

With regard for the latter demand,it is possible to formulate
the recommended constructions of gauges.

, I, In the nscous regime ( at pressure IO3 - IO5 N-m ) a hollow
cylinder, a vertical plate.

2. In the wmolecular-viscous regime (I,0 - IO° K-m°) - a thin
wire or a plate (indepen.deﬁt of oreintation), a thin hollow cylinder,
a sphere,

3. In the transient and molecular regime (below I,0 N-1°) - a |
thin plate, film, a thin hollow cylinder.

In comparison with the thin film preference should be given
to the whole cylindér from consideration of a large mechanical
strength. In our opinion the best comstruction of the gaﬁge is the
combination of the hollow cylinder and the fine wire ;n one ballon.

The given conclusions and recommendations are equally valid for
both = semicondactor gauges and for the metallic ones,

Deriving the formulae for sengitivity of the gauge it is
supposed that the whole power lost by gauge occurs dae to a

Declassmed in Part - Sanltlzed Copy Approved for Release 2014/04/24 : CIA-RDP80-00247A004300220001-8
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simultaneous action of convection and heat conduction from the
surface of the gauge.The investigations have shown that for standard
“hermistors the heat losses thrdugh the supply wires and by radiation
"from the surféce of working substances in the range of their opera-
ting temperatures are 50% whole losses and more. If it is taken |
into account that in accordance with formulae (26)-(30), the sensi-
vtivity is inversely p:oportional to the dissipated power,then the
negative influence of auxiliary losses on the sensitivity of the -
gauge is evident. In addition as follows from these formulae, the
sensitivity of the gauge is proportional to the square of a tempera-
ture difference ﬂ' (for the gauge working in the conditions of
a viscous flow this proportionality is higber than the second power).
Thué, the decrease in the sensitivity may also occur due to the .
decrease of the temperature difference caused by the ailiary heaﬁ
losses. | | | |
the other asPectof |

It is necessary to take into accouan%he influence of the squlJ
wire on the sensitivity of the gauge. Since characterlstlc dimen-
sions of wires and the gauge body are difterent at the same pressuee,
their heat transfer with the surroundings can occ%r according to
different laws and has essential quantitative dlStinctlonS. Therelore,
the relation A =y (g p; in fig.5 is more smooth ( and hasn’t
derivatives which are equal to zero) in comparison with the reiation

=y, (€qp) - |
The corresponding choice of geometrical dimensions and pny31cql
"Supply wire — ,
system propertles\/sensltive element" can rise the sensilivity of
the gauge as a whole. Apparently, the supply wires should be very
thir and mede of the material with a high heat-conductivity.Thus,
the gauge is reasonable to be supplied with very thin ribs in the

form of plates and £1i1lms [IS]
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The temperature difference is the most important perameters, on .
~ which the sensitivity and static accuracy of a transformer depends.
One measure for 2 decrggggso%%t/odgn%g?ggure difference of the
gauge is the switching of the differential scheme [1,7,12,15] .
Sometimes we resowt to thermal incubation [16] or hand-setting of
zero [I4] . Here we should analysé the error of measuring v
appearing' pfco?vi'ded that a temperature of a gauge surface 7'5 is
equal to its mean volumetric temperature T . With this purpose
the test of a temperature field in the thermistor body is done

[4] which is the solution of the heat-conduction equation and

its analys:Ls. | |

Carried out the calculations and analysis [3 4 6] show that the
influence of nonuniformity of volume heat emission on the tempe-~
. rature gradient is small and its action is out of the limits of
measurement accuracy of mean volumetric temperature.

From the design and the prlnclple of operation of thermistors
wmth metallic ”‘ntacts-cap.; we ma.y judge that p0881ble there are
three main thermoelectric effects, ‘'when electric current passes
through the thermistor. We may neglect the effects of Seebeck,
Thomson,Peltier on the distribu‘cionbf the temperature along the
surface of the cobalt-manganic thermistors.
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PE3NME

1. lMeeTcA NpMHOUMMANBHAA BO3MOKHOCTE 06paGoTaTh ZAHHHE CTa-
TUYECKAX BOJBT-AMIECPHHX XaPAKTEDPUCTUE TEPMUACTOPOB B napaMeTpax |
DOIleCCa KOHBEKTMBHOI'O TENNOOOMEHa. [IpM 3TOM Heo6X0xUM YueT moTeps
TeNIa U3NYYEHHEM CO BCeil NMOBEPXHOCTH ¥ NOTEDS TENNONPOBOZHOCTED
C TOPLOB = N0 NOABOZAWMMM NPOBOAAM, BiuAHME IpazueHTOB TEMNEPa Ty pH
BHYTDPY TEPMUCTOPA HA MPONECCH BHEWHETO TEMIOOGMEHA MOT'YT He yuu~
TuBaTLCH;‘Yﬁonnewnopnwensuoe COBNAJZICHEe DE3YNbTATOB NPOBELEHHOI
06p8aGOTKH cumqnnmecxuuﬁ'xpnﬁumu " ZGHHHMH ZPYTUX 8BTOPOB MOLTBEp-

XZ3eT MPaBUIBHOCTH BHODAHHOW METORMKM yueTa noreps. Pasdpoc oxcme-

puneﬂwansuux TOYCK ABNAETCHA CNENCTBMEM MOTPSUHOCTH OKCNEDPULEHTA
u opnenruponoquoﬁ OIEHKM KO3QQUUIMEHTOB AKKOMONALMI . |

2. JuuTHBaA NPOCTOTY NPOBEZEHUS OXCNEPMMEHTA NpPU OTHOCUTENBHO
HECHIOXHOM! ero 06paGoTKe, ¥ NPUHUMAA BO BHUM8HNE BO3MOXKHOCTE U3T0-
TOBACHHUA Tepuncropon‘npaxrmqeoxn TOOHX Pa3MEPOB U KOHCTPYKLML,
clexyeT NpU3HATEH UENEeCOOGPA3HHM MCHONH30BATH TEPMICTOPL: KaK IKCNE-
DUMEHTAJIE HHE 0Gpasud Npu WU3yYEHUU TelNOoOGMEHa.

3. llomyyeHH NPOCTHE COOTHOWEHMUS INA CTATUYECKHUX XapaKTCpUCTHK

U YYBCTBUTEIBHOCTH XRaTYMKA TEeNN03JIEKTPUYECKOT O BaKyymmeTpa, BH-

paxenﬁue Uepe3 napaMeTpH TENNOOOMEeHA OPM BCEX BO3MOXHHX PEEMMAX
TEUCHNA ra3a B YCIOBUAX eCTeéTBeHHOﬁ‘KOHBeKuMM. AHanu3 nomyYeHHHX
COOTHOWEHMI . MO3BOMMA CHOPMYNUPOBATE PEKOMEHAYEMHE KOHCTPYKUHKHK
RaTYUKOB. |

4. PaBHOMEDHAA YYBCTBMTENBHOCTH AATURKA TEMNO3AEKTPUYECKOTO
BAaKyyMMeTpPa B HMDOKOM AUAMAa30HE USMEPACMOrO0 ABBNECHUA NPUHIKIMANBHO
HEeBO3MOXHA. [is coanannn BaKyyuMeTpa co HEAJNO# Oxu3koft K ymHehnoft
HE00XO0 M0 ncnonsaonazs xecxoxxxo AATIUKOB paannqnoﬂ reoMeTpuyec- i,

' HOft JopMi E pasmMepos.
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FIGURE CAPTIONS

Fig.I. Experimental Deaigr_x Schenme.

I - evacuated chamber; 2 ~ mercury thremometer; 3 - investigated
thernistors; 4 - chamber with thermostatioc liquid; 5 - depression
tube of the thermocouple vacuum gauge; 6 - water chamber;

?7 - t;hemo_couple vacuum gauge; 8 - depression tube of ionisation
gaugej 9 - ionization gauge; IO - mercury wvacuum gauge of
McLeod; II - rotary mechanical pump; I2 - oil trap; I3~ aiffusion

'punp; I4 - mechanical standard gauge; IS5 - buffer bulb; I6 - shift

bulb with thermistors; I7 - oil vacuum gauge; I8~ mercury vacuum
gaugej I9- mercury treps;20- vacuum two-way cock § 2I - vacuum
straight throe-way cocks; 22 -~ two-stational vacnnn straight cocks.

Mg.2. Iicrocurront-Voltage Characteristics of Thermistors of

the Type a) KMI-I, b) KMI-II at the Different Surroundings and
the Different Pressures ( U,volt; I,ma). I - § = 273% |
2 - 2933 3-313; 4 - 333 § 5 - 353%K. 4 - p= 13,3 - I R-a2y

B- 1,33 F-2%; C- I,33.I072 N.&2,

Fig.3. The Temperature Charaoteristics of Thermistors

(Ry,kilobmj T°K). a) thermistor of the type KMP-I; b) ner-II,

Fig. 4. Current-Voltage Characteristics of the Thornistora '

of the Type: a) KMT-I; b) KMT-II in the Atmospheric medium

at 0= 293,2°K and Different Pressures K- 52 ( U,volt; I, ma).

I -1I0% 2 -6,67.10% 3 - 2,67.10% 4 - 1,33.10% 5 - 6,67.10%

6 = 2,67.10°3 7 - I1,33.10%; 8 - 6,67.10%; 9 ~ I,33.10%;

I0 - 6,67.10y II = 4,00,I03 I2 - 2,67.10; I3 - I3,3; I& = 6,67;

I5 - 1,333 I6 - 6,67.10"1; I7 - I,33.10°%; I8 - I,33.107%;

Pig.5.Dependence of the Heat Transfer Coefficient botveen Ther-

mistors and Rerefied Adr at 0= 293,2%K (ol ou,w. u™2.%x"T}p, Nm)
Indicated va.lues ol to multiply by 2 for the thermistor

of the type KMP-II,

Fig.6. Heat Transfer from Cylindrical Bodies in the Rerefied gesy

I - by the equation (I4) for viscous flow; 2 - by the equation

(I5) at d"lo"ml 13 = the same at d- 6.&.10" a. .
&Mmi._mm*.“ PONEENA Ao P Rt g mne .—.”..,?é‘
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